Identifying Where Pesticides Go
Detecting pesticides in the environment requires a great deal of sampling to monitor water, air, soil, and even the tissue of non-target plants and animals. One long-term data set comes from the USGS. The USGS monitors water quality in streams throughout the U.S., including the presence of pesticides. These data of presence and absence of pesticides in a range of watersheds have been used to develop models to predict where pesticides are likely to be found.
Megan Shoda, a USGS hydrologist, and colleagues recently described and evaluated one model in the Journal of Environmental Quality (http://bit.ly/2iEWMlS). The model, WARP-PTI, combines two tools that were already in use.
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From planting through harvest, farmers are concerned with potential damage to crops. Weeds, weather, insects, and doi:10.2134 Weeds, weather, insects, and doi:10. /csa2017.62.1202 The first is the Watershed Regression for Pesticides (WARP) model, which predicts the concentration of pesticides in streams based on pesticide use and watershed characteristics as explanatory variables. There are several versions of the WARP model available.
The second component is the Pesticide Toxicity Index (PTI), which follows the concentration addition model of toxicity, providing a single value to describe the potential toxicity of all pesticides present to indicator taxa (fish, inverts, and cladocera). Shoda says one benefit of including the PTI is that it synthesizes information. She says water samples "can be really complex, so you might have 30, 40, or 50 detections of pesticides in a single sample." While detecting the presence of pesticides in surface waters is important, the information lacks context because "some pesticides are just more toxic than others," Shoda says. She emphasizes the importance of knowing both where pesticides are likely to occur and how harmful those pesticides are to non-target organisms.
The WARP-PTI model was developed from monitoring network data including 100 sites in watersheds that represented a range of land use conditions, including forest, urban, and agriculture. In this article, the model was evaluated for streams in the Midwest. The authors report the explanatory variables differed among the three taxa, showing that the impacts of pesticides are complex. And while the model takes into account agricultural pesticide use, the authors state that model accuracy would be improved if they had quantitative estimates of non-agricultural pesticide use.
Shoda says that while this research is specific to pesticide toxicity in watersheds of the Midwest, it has the potential for widespread application. She says researchers can apply a "broad model that has some known error to generate the probability that pesticides are negatively affecting aquatic life, and then they can zoom in on those streams where they need to take a closer look and monitor pesticides to determine if they are influencing stream conditions."
While this example focuses on pesticide runoff into streams, additional monitoring of air quality, soils, and exposure through food can aid researchers in identifying where and how pesticides move through the environment. When locations with high loading, or pathways that increase health risks, are identified, follow-up studies and mitigation plans can be put into place.
Exposure Effects on Non-target Species
It is well known that pests are often able to develop tolerance against widely used pesticides over time. Weeds have evolved resistance to the popular herbicide glyphosate, and insecticides become less effective with repeated use as populations evolve tolerance. However, there has been less interest in the evolutionary effects of agricultural pesticides on non-target organisms. Jessica Hua, an Assistant Professor of Biological Sciences at Binghamton University, is interested in these non-target effects. One area that Hua and her lab are focused on is determining how amphibian populations evolve when exposed to pesticides.
From an evolutionary standpoint, past research suggests there are two main ways organisms develop pesticide tolerance. The first is through constitutive tolerance, which is evolved tolerance over multiple generations. The second is by induced tolerance, which occurs within one generation. "Amphibians exposed to low levels of pesticides during their early life stages will often develop greater tolerance to those pesticides than amphibians that were not," Hua explains.
Although these two types of tolerance allow some amphibians to survive exposure to pesticides, they each may have varying trade-offs in parasite susceptibility. In an article recently published in Evolutionary Applications (http:// bit.ly/2zZi0Eh), Hua and her colleagues examined how wood frog populations reacted to the insecticide carbaryl. They also tested how tolerance affected the susceptibility of frog populations to two common parasites, trematodes (i.e., Echinoparyphium) and ranavirus.
The study included wood frog populations from across an environmental gradient. The gradient moved from a close proximity to agriculture, where populations have constitutive pesticide tolerance, to populations far from agriculture with induced pesticide tolerance. "My expectation was that frogs expressing constitutive tolerance would be more susceptible to parasites because they are continuously expressing this tolerance, even in the absence of pesticides," Hua notes.
The authors found that pesticide tolerance type and land use were related to parasite susceptibility. However, the direction of the relationship depended on the kind of parasite. Specifically, wood frog populations
• Pesticides applied to agricultural and urban landscapes impact nontarget plants and animals.
• Monitoring data can be used to build models that predict where pesticides are likely to occur in the environment.
• Non-target organisms can evolve tolerance to pesticides.
• A lack of information makes it challenging to set pesticide regulations.
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Read the full studies in the Journal of Environmental Quality (http://bit.ly/2iEWMlS) and Agricultural & Environmental Letters (http://bit.ly/2zYvsc1).
that lived closer to agriculture, those with constitutive tolerance, were less susceptible to trematode parasites than wood frogs that lived far from agriculture with induced tolerance. The opposite pattern was found for ranavirus. Wood frog populations that lived closer to agriculture were infected at a greater rate than populations that lived far from agriculture. The research also found that there was no relationship between the type of tolerance and survival for frogs infected with ranavirus.
The combination of frog populations with constitutive tolerance and low susceptibility to trematodes occurring near agriculture has generated additional questions. Hua says these findings, "open the door to the idea that these parasites may also be changing and responding to the evolved tolerance in the amphibians, which really highlights the intricacy of the relationship between land use and potentially associated diseases." She also stressed the importance of taking an interdisciplinary approach to such a complex issue. "It is never as black and white as we may want it to be, which is why we must integrate knowledge and techniques from various related fields and tackle the topic from multiple angles."
Setting Policy without Information
The process by which pesticides are initially registered and over time re-registered with permitting agencies is based on the available data. However, "there typically is limited data available about the environmental fate of pesticides and other chemicals in the environment," according to Matthew Polizzotto, an Assistant Professor at the University of Oregon. Polizzotto and Travis Gannon discuss one example of this lack of data to aid in decision making for phase out or registration renewal of the herbicide MSMA (monosodium methyl arsenate) in an article published in Agricultural & Environmental Letters (AEL; http://bit.ly/2zYvsc1).
In 2006, the U.S. Environmental Protection Agency (USEPA) established a phase out of organic arsenical pesticides, including MSMA. A phase out meant that these pesticides could still be used in the short term but would not be eligible for registration renewal. The decision to phase out organic arsenical pesticides was in response to concerns over the arsenic in these formulas to change from organic to inorganic forms post application and arsenic accumulation with repeated use.
Organic and inorganic forms of arsenic are naturally occurring. Organic forms, where arsenic is bound to carbon, are less toxic than inorganic forms. Inorganic arsenic, bound to non-carbon atoms or existing in elemental form, is associated with cancer, heart disease, and other human health problems. A high conversion of organic arsenic to inorganic forms could increase exposure through contaminated water, food, and environmental exposure.
Although the initial phase out included all organic arsenical pesticides, a registration review of MSMA was initiated in 2013. Monosodium methyl arsenate has previously been registered for use in cotton and turfgrass systems. Gannon, an Assistant Professor in the Department of Crop Science at North Carolina State University, says, "[the] writing on the wall from very early on was that MSMA was going to be allowed to be re-registered by the USEPA in cotton, but imposed restrictions would make it ineffective in turfgrass systems." However, the science to support use in one cropping stem versus the other was not apparent.
"To my knowledge, there is not a body of environmental fate research that supports future MSMA registration and use in cotton cropping systems but not in turfgrass systems," Gannon says. "The decision was based on other input." This additional input can come from special interest groups and pesticide manufacturers who can present data showing the effectiveness of a pesticide but may not have data on environmental impacts. While the article in AEL focuses on MSMA as a single example, Polizzotto poses the broad question: "How do you make decisions that allow for the benefits of chemicals but also protect the environment and human health? And how do you make all these decisions in the face of limited or uncertain data?" Even with more data, decision-makers like the USEPA cannot anticipate all possible outcomes. Researchers and policymakers have to work with the best information available, and there is always potential that in the future, new information will lead to changes in the use of pesticides. "There needs to be a stronger voice for scientists in the decision-making process," Polizzotto says. He sees the potential to incorporate broader views including toxicology and ecological impacts. However, this would require that participation from pesticide manufacturers and non-industry scientists be incentivized, and government processes are slow to change.
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